INTRODUCTION
The movement of shallow-water, often estuarine, organisms across ocean basins and over continents as a consequence of human activities continues to be a major mechanism mediating biological invasions in the sea (Carlton 1989) . Carlton (1987) predicted that the bays and estuaries of the Pacific coast of North America would continue to be receptive to new invasions from elsewhere in the Pacific Basin. In the 1980s these invasions largely resulted from the release of seawater ballast from cargo vessels (Carlton 1985 , Williams et al. 1988 .
One such remarkable invasion is now occurring in San Francisco Bay, California. In 1987 several workers recognized that a small unknown bivalve mollusk, first collected in late 1986, had not been recorded previously from the bay. Its apparently sudden appearance and subsequent increase and spread prompted speculation that this clam had been recently introduced. The O Inter-Research/Printed in F. R Germany clams were subsequently identified as a member of the Corbulidae, a bivalve family not previously known from the bay. Based upon an initial identification by A. Matsukuma (National Science Museum, Tokyo), and upon the descriptions and figures of Schrenck (1867) , Zhadin (1952) , and Zhuang & Cai (1983) , the San Francisco Bay clams are the Asian species Potamocorbula amurensis (Schrenck, 1867) (Fig. 1) . We have chosen to use the name 'amurensis' pending a revision of the large number of specific names in this group now being undertaken by Dr Matsukuma. A brief description of the San Francisco Bay specimens, and discussion of Potarnocorbula species-level taxonomy, are included in the Appendix.
We report here the establishment in San Francisco Bay of Potamocorbula amurensis, and its increase in numbers and spread between 1986 and 1988. We consider evidence for the mechanism and timing of its transoceanic dispersal from the Western Pacific Ocean to the Eastern Pacific Ocean. Finally, we speculate briefly about the possible effects this clam may have on the benthic and planktonic communities of San Francisco Bay.
DISCOVERY AND SPREAD OF POTAMOCORBULA AMURENSZS IN SAN FRANCISCO BAY

Methods
The occurrence of Potamocorbula amurensis in San Francisco Bay is documented from a number of ongoing sampling programs. Details of sampling sites, dates, frequencies, and protocols of these programs are given in Table 1 . The major collections were those of the Regional Effects Monitoring (REM) program, a cooperative program of the California State Water Quality Control Board and the United States Geological Survey (USGS). Additional collections were made by the California Department of Water Resources (DWR), the National Oceanic and Atmospheric Administration (NOAA), a n d Diablo Valley Community College (DVC) ( Table 1) . REM samples were collected in all major bay regions (Flg. 2) at ca 2 mo intervals from March 1987 until November 1988. These regions are described in detail by Nlchols & Pamatmat (1988) . The recognition of a previously unidentified clam in bay benthic samples led to retrospective searches by us of earlier RE11 and NOAA samples, by DVC of their samples, and by Hydrozooloyy, Inc., of DWR samples.
Results
The initial distribution and increasing abundances of Potamocorbula amurensis from October 1986 to December 1987 are shown in Fig. 3 . Densities at 3 north bay locations from March 1987 to November 1988 are The first 3 specimens of Potamocorbula amurensis found in San Francisco Bay were collected in October 1986 (DVC) in Grizzly Bay. Two specimens were collected 1.8 km south of the REM/DWR Grizzly Bay stations; a third specimen was collected on the south shore of Suisun Bay (Figs. 2 and 3a) (W. Stephenson pers. comm. 1988). Earlier collections (April and July 1986, DVC) contained no P. amurensis. A combined total of about 134 samples were collected by these programs (REM, DWR, DVC) in Grizzly and Suisun Bays from September to December 1986, but only DVC samples contained P. amurensis.
Potamocorbula amurensis was next seen in quantitative samples in January 1987 (Fig. 3b) . Three specimens (one per grab in 3 rephcates) were collected in January (USGS) at a San Pablo Bay station (at a site not subsequently chosen for further sampling) where no individuals had been found in samples taken 4 mo earlier These were the first specimens collected west of Carquinez Strait. Sampling at 3 closely spaced stations at a subtidal locatlon 5.4 km east of this location sampled 1 wk later in January (NOAA) yielded a total of 174 P, amurensis in 14 of the 15 samples collected at the 3 stations. Samples from Grizzly Bay collected at the end of February 1987 (DWR) included only one specimen in 3 replicates.
Thus by March 1987 (Fig. 3b ) only a few specimens had been collected at various sites in the North Bay region. It would appear unlikely that the clam was abundant in the bay prior to the spnng of 1987. Regular bapvide sampling, commenced by REM in March 1987 at 8 stations (Table 2) , provide the core of our understanding of the increase in abundance and spread of Potamocorbula arnurensis. We divide our discussion of its subsequent history into its occurrences in the North Bay, Central Bay, and South Bay, the major bay regions delineated by the REM program .
North Bay A few specimens of Potamocorbula amurensis were first seen, as noted above, in Grizzly and Suisun Bays in October 1986. By late spring 1987 the species was well established from San Pablo Bay through Suisun Bay (Fig. 3b, c At the Sherman Lake site, located in a shallow flooded region between the Sacramento and San Joaquin Rivers, Potamocorbula amurensis appeared between July 1987 and December 1988, never exceeding mean densities of 6 ( ? 3) ind. 0.05m-'. In samples from another USGS program (Nichols et al. unpubl.) occasional individuals were found to occur as far upriver as Rio Vista (Fig. 2 ) , where salinities average < 1 U/," throughout much of the year.
A time course of Potamocorbula amurensis abundance in Grizzly Bay (Fig. 4 ) shows a rapid increase at this site in June 1987 with most individuals being very small (average size 1.7 mm). A similar increase in abundance was seen in spring 1988 (and maintained through early fall) at the shallow water San Pablo Bay station (Fig. 4) . The data at these 2 stations suggest a spring recruitment. As might be expected following such large sets (> l 0 000 ind.m-2), densities fell off dramatically with population aging during the remainder of the year (Fig. 4) . This phenomenon is in concert with our knowledge of a related Chinese Potamocorbula species (see 'Distributional ecology and biology', below). However, P. amurensis at the deeper San Pablo Bay station (Fig. 4 ) \San Jose I dance patterns suggest a complex picture of patchy recruitment in space and time, as might be expected for a n invasive eurytopic species.
Since May 1987 Potamocorbula amurensis has been the most abundant benthic macroinfaunal organism in Grizzly Bay, generally occurring in numbers 10 times or greater than those of any other species (Nichols et al. 1990 ).
Central Bay
Potamocorbula amurensis was recorded rarely at the single Central Bay station off Berkeley (Table 2, Fig. 2 ). Three specimens in one replicate were collected in June 1987; none were collected thereafter until January 1988. From January until November 1988 numbers did not exceed 2.0 (2 1.0) ind. 0.05mP2. Abundance data are based upon nlaximum abundance found at each station during each quarter shown. Note in (b) that DVC (see Table 1 ) did not sample during this penod and the absence of this clam from intermediate localities between northern Japan and California, preclude its natural transport to the Pacific coast of North America. The arrival of Potamocorbula amurensis in San Francisco Bay appears to be related to extensive shipping activity that provides a unique 'biotic corridor' between Asia and California. Hundreds of cargo vessels arrive each year in San Francisco Bay from Asian ports. A large number of these vessels are bulk carriers bound for the upriver ports of Sacramento and Stockton to take on grain and wood products (T. Hunter, Operations Manager, Maritime Exchange, San Francisco, pers. comm. 1989 ). Many of these cargo vessels arrive with thousands of tons of ballast water (not bilge water) taken up in the home port, harbor, or estuary to achieve the necessary trim and stability for the ocean voyage. Depending upon a particular vessel's cargo-loading requirements, ballast water may be released entirely at dockside, or slowly as the vessel moves through San Francisco Bay into the Sacramento or San Joaquin Rivers.
Post-transport ballast water contains high densities and large numbers of species of both holoplankton and meroplankton (Carlton 1985 , Williams et al. 1988 ). Living bivalve veliger larvae at densities exceeding 200 m-3 have been collected regularly by JTC from the ballast water of Japanese cargo vessels arriving in Coos Bay, Oregon, USA. Post-transport viability and competence to settle have been demonstrated by the successful rearing of these larvae to juvenile or adult stages; species raised include Mytilus 'edulis', Trapezium liratum, and Theora lubrica ( = T, fragilis [see Table 31 ). One vessel could thus discharge tens of millions of viable veligers into San Francisco Bay. Seawater bal- closely related species (discussed below) suggest that these specimens are likely to be less than 1 yr old. Fourth, there has been a steady increase in the number of cargo vessels arriving from mainland China during and since the mid-1980s as a result of new relaxations in trade regulations, and the opening up of new Chinese ports (T. Hunter pers. comm. 1989 ). This growth in vessel traffic, and thus the concomitant increase in release of ballast water (including water from new ports), provided an increased potential for the recent inoculation of P. amurensis into San Francisco Bay.
DISTRIBUTIONAL ECOLOGY AND BIOLOGY
San Francisco Bay
Potamocorbula amurensis has been found at predominately subtidal locations in San Francisco Bay, where it is ubiquitous in all sediment types, occurring in flocculent muds, in peat, on hard clay, coarse sand, and (most abundantly) on a wide variety of mixed mudsand bottoms. It appears to be less abundant intertidally, although we have observed it at near subtidal densities in the lower intertidal zone at Martinez (Fig.  2) , where it CO-occurs with both Macoma balthica and Mya arenaria. P. amurensis was found in small numbers on a sandy mudflat at Rodeo (D. Lonzarich, USFWS, pers. comm. 1988) . Regular quantitative sampling of intertidal habitats in San Francisco Bay in the 1980s has not been as extensive as subtidal sampling, and thus P. amurensis may be more common at such sites than current data indicate. The periostracum of Potamocorbula amurensis is worn away or considerably reduced on the lower onehalf to two-thirds of many shells, perhaps reflecting the clam's burial depth and repeated vertical movements at the sediment-water interface. In the laboratory it exposes one-half to two-thirds of its shell above the sediment surface (in both non-flowing [but aerated] and flowing [flume surface water velocities up to 26 cm S -' ] water). This behavior may provide a competitive advantage for exploiting planktonic food, as P. amurensis does not extend its short siphons more than about 5 mm above the sediment-water interface when completely buried. At some brackish sites in San Francisco Bay (such as Carquinez Strait) the posterior edge of the shell serves as a settlement site for the introduced Atlantic barnacle Balanus improvisus, a situation that can occur only if this clam is routinely exposed.
Potamocorbula amurensis is, as the genus name (Greek, potamos, river) suggests, a nearly freshwater to euryhaline clam. It ranges from almost freshwater (< l %o) at Rio Vista, through the brackish waters of Suisun Bay and Carquinez Strait, to the saline waters of the Central and South bay (32.6%) ( Table 2) . Ninetyfive specimens (ranging in size from 5.0 mm to 22.9 mm) removed from l l %O water (21 to 23 "C) in Carquinez Strait in July 1988 and placed without acclimation into 32 YW (22 to 25 'C) in the laboratory showed no mortality after 30 d. Conversely, of ca 100 specimens (same size range) removed from 15%0 water (about 18°C) in Suisun Bay in September 1988 and placed without acclimation into 0.1 %O river water (from Rio Vista, on the Sacrament0 River) in the laboratory, more than half were alive and active after 30 d. Experimental clams in both treatments were fed with phytoplankton cultures.
Potamocorbula amurensis is exposed to a moderately broad temperature range in San Francisco Bay, ranging from 8.0°C in the winter on shallow subtidal bottoms to 23.0°C in the summer on intertidal mudflats.
Asia
Few details are available on the distributional ecology of Potamocorbula amurensis in Asia. It ranges from the mouth of the Amur River, at the northern end of the Tartar Straits (Tatarskiy Proliv), Khabarovsk, USSR, to the lower delta of the Zhu (Pearl River), west of Hong Kong, on the South China Sea (Schrenck 1867 , Zhuang & Cai 1983 ). The latter authors record a southernmost locality for this species at Zhuhai (also known as Chuho~, Chuhai, and Xiangzhoui). It also occurs in Korea, the Bo Sea, the Yellow Sea and the East China Sea, as well as along the west and east coasts of Japan (Habe 1949 , Zhadin 1952 , Zhuang & Cai 1983 . P. amurensis thus ranges over 30 degrees of latitude from 22 to 53" N, encompassing tropical to cold temperate waters.
Schrenck (1867) noted that Potamocorbula amurensis occurred up to the mouth of the Amur River at sites that he believed to be freshwater (with occasional intrusions of braclush water), where it CO-occurred with the freshwater gastropods Paludina and Melania. Schrenck did not comment upon the possibility that water column stratification near river mouths could allow P. amurensis to exist at such sites in saline water at the bottom. Schrenk noted that specimens from 'freshwater' were somewhat smaller than those in brackish water. Zhadin (1952) noted its occurrence in the 'limans of rivers in eastern Asia'. Zhuang & Cai (1983) record it from the intertidal zone to 10 m on mud bottoms. Yamamoto (1977) reported P. amurensis as a dominant benthic species in brackish Lake Obuchi on the Shimokita Peninsula at the northern end of Honshu, Japan.
No information appears to be available on the reproduction, growth, and feeding of Potamocorbula amurensis. However, some data are available for the similar euryhaline and eurythermal corbulid P. laevis from the south coast of the Shan Dong Peninsula in northwest China, on the Yellow Sea (Wei 1984 , Wei & Guan 1985a , b, 1986 ). This locality is at approximately the same latitude (36 ON) as San Francisco Bay (37 to 38" N). A brief summary of some of Wei & Guan's findings (published in Chinese) provides a comparative background for an understanding of the biology of braclush-water clams of the genus Potamocorbula.
Gametogenesis in Potamocorbula laevis occurs from mid-September to mid-October (water temperatures ranging from 12 to 23°C). Most individuals are dioecious, with a few individuals being simultaneous hermaphrodites. Fertilized eggs (45 pm diameter) are shed into the water when temperatures are between 16 and 20°C. Metamorphosis occurs to the D-shell stage after 20 to 22 h ; settlement occurs after 30 to 40 d at a length of about 370 p m P. laevis growth rates are greatest when water temperatures are between 22 and 28"C, with an average monthly growth of 2.0 to 2.5 mm. Growth rates decline in the fall (October) when water temperatures drop below 17 "C; growth ceases below 11.8"C. Shell growth is greatest dunng the first 2 yr.
Growth is also greatest in sediments with 70 to 80 % sand, and slower in soft muds. In brackish water (about 3.7 YW), P. laevls consumes only 3 to 4 O/ O of the phytoplankton consumed at between 14 and 34 %O (which, if P. amurensis is similar, could explain in part Schrenck's report of smaller specimens in freshwater). One-yr-old P. laevis shells average 11.5 mm in length (range 7.2 to 14.5 mm); 2-yr-old shells average 17.3 mm in length (range 14.9 to 20.3 mm); 3-yr-old shells average 20.6 mm in length (range 17.8 to 21.5), while 4-yr-old shells average 22.4 mm (largest, 24.5 mm). P. amurensis is a larger species, reaching 27.5 mm in Asia, and thus may average slightly larger sizes for each year class.
One-yr-old Potamocorbula laevis occur in densities up to 10 000mp2, while 2-yr-old clams occur in densities up to 4000m-2. One-and 2-yr-old clams represented between 82 and 97 % of the populations at 2 different sites. At one site 4-yr-old clams made up 2.8 % of the population (17 of 600 individuals); at the other site, no 4-yr-old individuals were present. Thus it would not be surprising to find similar high density populations of P. amurensis in San Francisco Bay.
At such high densities Potamocorbula laevis is commercially harvested for poultry feed, for aquaculture as prawn (shrimp) feed (Wei & Guan 1985a) , and for fertilizer (B. Morton pers. comm. 1988).
POTAMOCORBULA AMURENSIS AS COMPETITOR, DISTURBER, CONSUMER, AND PREY
The physical, chemical, and biological characteristics of benthic and intertidal communities of San Francisco Bay before the arrival of Potamocorbula amurensis are described in Nichols & Pamatmat (1988) . The successful colonization of the San Francisco Bay benthos by P. amurensis suggests that a number of community and ecosystem level changes may now be taking place. While field evidence is still limited and experimental studies have not yet been undertaken, we should expect (1) trophic level effects (direct or indirect interactions with other suspension-feeding and deposit-feeding infauna, and alteration of phytoplankton standing stock) and (2) benthic dynamic effects (differential inhibition/enhancement of infauna due to substrate destabilization, changes of suspended sediment loads in bottom water layers, and change of redox balance of the sediment surface). We comment briefly upon each of these here.
Trophic level effects
Potamocorbula amurensis CO-occurs commonly (but at widely varying densities) in San Francisco Bay with the Japanese mussel Musculista senhousia, the Japanese cockle Tapes japonica, the Atlantic soft-shell clam Mya arenaria, and the tellinid clam Macoma 'balthica' (now considered a probable introduction from the Atlantic [Meehan et al. 19891) . Where P. amurensis densities are high in Suisun and San Pablo Bays. M. senhousia, M. balthica and M. arenaria, formerly more abundant, are now rare (Nichols et al. 1990 ), but a causal relationship to this inverse abundance remains to be experimentally demonstrated. P. amurensis also occurs with the introduced Chinese clam Corbicula fluminea at Point Sacrament0 and Sherman Lake. It thus joins a host of already established introduced Asian and North Atlantic bivalves in San Franciso Bay with which it may compete both for trophic and spatial resources.
Potamocorbula amurensis occurs with a similar guild of bivalves in Japan. Yamamoto (1977) found P. amurensis CO-occurring with Musculista senhousia, Macoma takahokoensis (a probable synonym of M. balthica [Coan 19711) and Laternula limicola in the brackish Lake Obuchi, Japan. L. limicola has been transported to Oregon on the Pacific coast of North America (Keen 1969) .
Potamocorbula amurensis consumes diatoms from the water column and those drifting at the watersediment interface. Feces of specimens collected in July 1988 from Carquinez Strait contained the benthic Navicula spp. and the planktonic Coscinodiscus spp. and Skeletonema costatum. The latter are two of the predominant planktonic diatoms of San Pablo and Suisun Bays (Cloern et al. 1985) . Wei & Guan (1985a) reported 25 diatom species from the stomach contents of P. laevis from the Qing Long River in northwestern China. These diatoms ranged in size from 25 to 450 pm in length and 6 to 60 Km in width, whereas diatoms of lesser and greater sizes occurred in the river, leading Wei & Guan to suggest that P. laevis may be capable of food size selectivity. Given its present (1988) population sizes and continuing spread, Potamocorbula amurensis joins the other introduced bivalves Mya arenan'a (Nichols 1985) . Musculista senhousia, Gemma gemma, and Tapes japonica (Cloern 1982) as a species potentially critically important to phytoplankton dynamics in San Francisco Bay. Further, there is laboratory evidence (W. Kimmerer pers. comm. 1989) that P. amurensis actively consumes nauplii of the copepod Eurytemora affinis, a species that is dominant in San Francisco Bay. It is likely that this clam also consumes other holoplanktonic and meroplanktonic invertebrate species. Thus, P. amurensis clearly represents a major link in the benthic-pelagic coupling of the San Francisco Bay estuary, and will play a major role in determining the structure of the plankton community.
In a comparable situation in the Potomac River, 
Benthic dynamics effects
The movements and behavior of Potamocorbula amurensis significantly disturb surface sediment layers to a depth of about 1 cm in laboratory aquaria. The clams form depressions on the sediment surface, intermixed with grooves or 'tracks' created as they move about. The resulting effect is a highly altered, complex surface. This sediment destabilization may influence the relative abundances of mobile and sedentary infauna. Furthermore, increased bottom roughness leads to greater bottom turbulence and an increased tendency for sediment resuspension. At the same time, however, the clam's filtration of the water removes both diatoms and suspended sediment and may have a clearing effect. The clam's bioturbation may further alter the potential redox balance at surface and nearsurface sediment layers.
Potamocorbula amurensis as prey
Potamocorbula amurensis may become an important prey item for benthlc predators such a s fish and d~v l n g birds. A survey of food items consumed by diving ducks in Suisun Bay and San Pablo Bay, conducted between October 1987 and February 1988, revealed the presence of P. amurensis (in addition to the bivalves Tapes japonica, Musculista senhousia, Corbicula fluminea and Mya arenaria) in the stomachs of greater scaups Aythya marila, lesser scaups A. affinis and surf scoters Melanitta perspicillata. No P. amurensis were in duck diets in a survey conducted from October 1986 to February 1987 at the same sites (P. Hofmann, California Department of Fish and Game, pers. comm. 1988) .
Potamocorbula amurensis is also consumed by crabs. Of 85 P. amurensis ranging 1.n size from 5.0 to 22.9 mm randomly chosen from a sample in Carquinez Strait in July 1988, 28 (33 % ) bore repaired breaks in their shells identical to those made by predatory crabs. Young Dungeness crabs Cancer magister are abundant at this site (Tasto 1983) , and this crab is known to consume small clams in large numbers (Tasto 1983 , Asson-Batres 1986 . Of the 28 clams that had been attacked, and escaped predation, 27 (96.4 ";,) had breaks only on their right valves The larger and more inflated right valve may present a better handling surface to the predator.
CONCLUSIONS
The establishment of the Asian estuarine clam Potamocorbula amurensis in San Francisco Bay fits into a growing pattern of invasions and colonization of North American Paclfic coast harbors and estuaries by Western Pacific species (invasion 'route 12' of Carlton 1987) . Fifteen species of western and southwestern Pacific invertebrates and algae have been found in San Francisco Bay in the past 15 yr (Table 3) , adding to the more than 20 other Pacific Rim invertebrates, fish, and algae known from the bay prior to 1973 (Carlton 1979 (Carlton , 1985 . Two additional Asian gammarid amphipods have been collected in the bay in the past 2 yr (J. Chapman, W. Fields, A . Navarret pers. comms. 1988). Thus, about one new introduced species has been added to the Bay's fauna each year. Quantitative data on the year-by-year establishment and spread of these exotic species are, for the most part, absent. While Newman (1963) noted that the population of the Asian shrimp Palaemon macrodactylus 'virtually exploded' following its first collection in 1957 in San Francisco Bay, and while Brittan et al. (1970) refer to the 'explosive spread' of the Asian goby Acanthogobius flavimanus in the Bay following its discovery in 1963, no surveys were in place nor undertaken to quantitatively and systematically document these apparent patterns. P. amurensis provides us with the first opportunity in the history of fauna1 invasions in San Francisco Bay to quantitatively document the establishment and spread of an introduced species.
It is probable that far more species -such as polychaetes, turbellarian flatworms, bryozoans, hydroids, small crustaceans, and algae -from Japan, China, and other Asian, southern Asian, and Australasian ports, have been transported and introduced to San Francisco Bay than have been reported; many of these probably remain undiscovered, unidentified, or misi.dentifled as native species. The import rate of new introduced species to San Francisco Bay may thus be considerably greater than our current estimate of one species per year! Potamocorbula amurensis is ubiquitous with regard to habitat. Within 2 yr of its first collection in the bay it had invaded deltaic, nearly freshwater environments, established itself in creeks and sloughs, on intertidal sand-mud flats, and on subtidal bottoms of a wide range of sediment types. Its increase and spread coincided with an unusually dry period (beginning in mid-1986) in California with low river runoff. Salinity data in Grizzly Bay (Table 2) show that waters remained brackish a t this site during the winters of 1987 and 1988, in contrast to a typical winter (e.g. 1980) when this reglon is inundated with freshwater. Similarly, local river runoff at Palo Alto was minimal in 1987 and 1988, in contrast to the situation in 1980 (Table 2) . Nichols et al. (1990) further consider the window of opportunity that this long dry period may have provided for the successful colonization of San Francisco Bay by P. amurensjs. Newman (1963) noted the correlation between the appearance and spread in the Delta region of the Asian shrimp Palaemon macrodactylus (established earlier in San Pablo Bay) during the drought years of 1960 and 1961.
While normal winter conditions of high river runoff and low salinities may affect the distribution of Potamocorbula amurensis, its broad habitat and latitudinal range in Asia (in temperatures ranging from 0°C to at least 28°C [Sverdrup et al. 19471) suggest that this clam will not b e limited by the temperatures or salinities generally found in San Francisco Bay. Benthic communities throughout the Bay, such a s those described by Siegfried et al. (1980) (western Sacramento/San Joaquin river estuary), by Nichols & Thompson (1985a) (south San Francisco Bay), and by many other earlier workers (see Nichols & Pamatmat 1988) have been invaded by P. arnurensis. We predict that significant changes will occur in these communitles as this abundant consumer, competitor, disturber, and prey alters the interactive trophic webs on the floor of San Francisco Bay. Ongoing studies are addressing this issue.
The closely-dated documentation of the first collections, increasing abundance, and spread of Potamocorbula amurensis throughout the bay provide a rare opportunity to observe in progress a biological invasion of an estuary, and to observe community-level alterations as they occur. The introduction of the epifaunal European zebra mussel Dreissena polymorpha into Lake Erie in about 1986 (Hebert et al. 1989) appears to provide a similar and remarkably parallel opportunity in the freshwater Great Lakes. Such documentations provide a foundation for experimental studies to determine the mechanisms by which introduced species may alter and influence community structure. (Schrenck 1867 , Zhadin 1952 , Zhuang & Cai 1983 . The shells are white, tan, or yellow. There is a prominent external keel ('blunt crest' of Zhadin [l9521 and 'umbonal keel' of Schrenck [1867] ) on the posterior end of the left valve extending from the umbonal region to the ventropostenor margin. This keel is less pronounced on the right valve, a character noted by Schrenck but not by subsequent authors. Fine radial striae develop on the shell surface in older specimens, and the yellow-brown periostracum develops into thick amurensis (posterior lower than anterior) in their key folds along the shell margin, giving an especially (although their text more naturally illustrates P. wrinkled appearance to the shell surface at the postustulata with P. amurensis, and P, laevis with P. ruberior end of the left valve.
romuscula, as species pairs). The brown siphons of Potamocorbula amurensis are short; the incurrent siphon bears pinnate tentacles, while the nonpinnate excurrent tentacles bear 2 long
Distinctions between Potamocorbula amurensis and medial filaments. The entire mantle is fringed with other bivalve species in San Francisco Bay small papillae. P. amurensis possesses a correspondingly very shallow pallial sinus. Habe (1949, and Potamocorbula ustulata has a thicker and more triangular shell than either P. laevis (thin and oblong) or P. amurensis (thin and ovate) (Zhuang & Cai 1983) , although it possesses the keel and pallial sinus of P. amurensis. Habe (1977) included P. ustulata (resurrected by Zhuang & Cai) within the synonymy of P. amurensis, but he believed the name dated from Reeve (1865), rather than from Reeve (1844) , and thus retained the name amurensis as the senior synonym of this species group. If Habe (1977) is correct. and P. ustulata is the same as P. amurensis, the former name would have nomenclatural priority.
Potamocorbula rubromuscula is similar in shape to P. laevis, but slightly larger; it lacks the strong keel of
